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XML BASED SCRIPTING LANGUAGE 

BACKGROUND OF THE INVENTION 

[0001] 1.0 Field of the Invention 

[0002] This invention relates generally to scripting lan 
guages, and more particularly to an XML based scripting 
language. 
[0003] 2.0 Description of the Related Art 

[0004] Work?oW management systems are computer 
applications Which de?ne, manage and execute business 
processes. Aprocess is de?ned as a series of steps leading to 
a desired result. A process is analogous to a ?owchart, and 
process steps are analogous to the boxes on a ?owchart. A 
process transition represents the How of control betWeen 
steps. These process transitions are analogous to the lines 
connecting the boxes on a ?oWchart. Document routing 
systems and business process integration systems are 
examples of Work?oW management systems. 

[0005] Using a Work?oW management system typically 
consists of tWo major types of activity: design time activity 
and run time activity. Design time activity consists of 
understanding a business requirement, creating a process 
that satis?es the requirement, and de?ning the process to the 
Work?oW management system. The design time activity 
occurs infrequently, relative to the run time activity. Run 
time activity consists of executing the process created during 
the design time activity. Typical processes are created once 
and run many times. Processes may also be modi?ed during 
their life to adapt to changing business requirements. 

[0006] At run time, a component of the system, typically 
referred to as a Work?oW engine, is responsible for accepting 
Work from external sources, sequencing the Work from step 
to step in the process, for example, using conditional logic 
and/or the transitions that are de?ned betWeen steps, and 
Waiting for the step to be performed. Steps include manual 
steps that require user interaction, and automated steps that 
can be invoked directly by the Work?oW engine. 

[0007] Users interact With manual steps using a user 
interface, Which is typically graphical. Depending on the 
type of step, the user interface may be general or custom. A 
general user interface Works for many types of manual steps. 
The user interface typically displays lists of Work to do and 
lets the user update the status of the Work. This updated 
status is used by the Work?oW engine to make decisions 
about hoW to route the Work to a subsequent step, for 
example, success or failure. Acustom user interface may be 
required When the Work performed in the step is speci?c to 
the step. 

[0008] Automated steps typically consist of off-the-shelf 
and custom applications that are invoked directly by the 
Work?oW engine. Examples include applications that pro 
cess data sets, for example, sorting, indexing, barcoding and 
formatting, or applications that interact With hardWare 
devices. 

[0009] Work?oW management systems typically separate 
the business or [low-level logic from the task or application 
level logic so that the business logic or process can be 
manipulated and managed independently of the applications 
that support it. Many Work?oW management systems pro 
vide a means for implementing steps and graphical user 
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interfaces, typically, through the use of a programming 
language. Over the years, many languages have been used 
for this purpose, including interpreted scripting languages 
and compiled executable languages. The purpose of the 
programmability is to provide the interface betWeen the 
Work?oW system and the external environment in Which the 
Work?oW system executes, that is, the outside World. This 
may be as simple as providing the glue that links the 
Work?oW constructs to external constructs, for example, 
retrieving Work?oW data from a database, formatting an 
argument list, invoking an external program and storing the 
resulting status in the Work?oW database. Alternately, this 
may be as complex as providing a fully featured graphical 
user interface. 

[0010] There are problems With existing approaches to this 
type of programmability in Work?oW management systems. 
Developing compiled programs requires advanced skills in 
softWare development. This detracts from the promise of 
Work?oW management as a means of simplifying develop 
ment processes. In addition, compiled programs require a 
series of time consuming design, edit-compile, and link-test 
debug cycles. These cycles are dif?cult to integrate into the 
Work?oW management environment. 

[0011] Scripting languages may loWer the level of skill 
required, but often this comes at the cost of providing a less 
rigorous approach to solving the problem. In addition, 
scripting languages typically do not provide access to of-the 
shelf softWare for reuse, such as, J ava® (Java is a registered 
trademark of Sun Microsystems, Inc.) class libraries. 

[0012] The Extensible Markup Language (XML) is a 
standard for the exchange of information on the World Wide 
Web, and elseWhere. The World Wide Web consortium 
provides an XML recommendation. With the emergence of 
XML standards for de?ning business processes, for 
example, the Business Process Execution Language 
(BPEL), it Would be desirable to have a scripting language 
that plugs-in to the XML frameWork. 

[0013] Therefore there is a need for an improved scripting 
language that plugs-in to the XML frameWork. The scripting 
language should also alloW other softWare to be accessed. 

SUMMARY OF THE INVENTION 

[0014] To overcome the limitations in the prior art 
described above, and to overcome other limitations that Will 
become apparent upon reading and understanding the 
present speci?cation, various embodiments of a method, 
apparatus, and article of manufacture for processing an 
XML script using an XML based scripting language are 
provided. 

[0015] In various embodiments, an XML script is parsed. 
The XML script comprises element nodes. Each element 
node comprises a component name. A ?rst element node 
comprises a ?rst component name referencing a ?rst user 
de?ned component. An argument is passed to the ?rst 
user-de?ned component. The argument is evaluated When an 
element node associated With the ?rst user-de?ned compo 
nent comprises an evaluate-component name that explicitly 
speci?es that the argument be evaluated. 

[0016] In some embodiments, a second element node 
comprises a second component name. The second compo 
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nent name is associated With a component that is external to 
the scripting language and XML script. 

[0017] In this Way, an improved XML based scripting 
language is provided. In some embodiments, the scripting 
language alloWs access to other softWare. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The teachings of the present invention can be 
readily understood by considering the folloWing detailed 
description in conjunction With the accompanying draWings, 
in Which: 

[0019] FIG. 1 depicts an exemplary Work?oW manage 
ment system suitable for use With various embodiments of 
the present invention; 

[0020] FIG. 2 depicts an illustrative computer system 
Which uses various embodiments of the present invention; 

[0021] 
[0022] FIG. 4 depicts a high-level ?oWchart of an 
embodiment of the evaluation of an XML script by the 
scripting language module of FIG. 2; 

[0023] FIG. 5 depicts a ?oWchart of an embodiment of the 
step of evaluating an XML element node of FIG. 4; 

[0024] FIG. 6 depicts a ?oWchart of an embodiment of 
evaluating a built-in function or a built-in method of FIG. 5; 

[0025] 
[0026] FIG. 8 depicts a ?oWchart of an embodiment of 
evaluating an argument for a user-de?ned function or 

method; 
[0027] FIG. 9 depicts a ?oWchart of an embodiment of the 
step of evaluating a speci?ed argument of FIG. 8; and 

[0028] FIG. 10 depicts the exposure of an exemplary 
stack frame of another exemplary stack. 

FIG. 3 depicts an exemplary parse tree; 

FIG. 7 depicts an exemplary stack; 

[0029] To facilitate understanding, identical reference 
numerals have been used, Where possible, to designate 
identical elements that are common to some of the ?gures. 

DETAILED DESCRIPTION 

[0030] After considering the folloWing description, those 
skilled in the art Will clearly realiZe that the teachings of the 
various embodiments of the present invention can be utiliZed 
to provide an XML based scripting language. Various 
embodiments of a method, apparatus, and article of manu 
facture for the XML based scripting language are described. 

[0031] In various embodiments, an XML script is pro 
cessed using an XML based scripting language. The XML 
script is parsed. The XML script comprises element nodes. 
Each element node comprises a component name. A ?rst 
element node comprises a ?rst component name referencing 
a ?rst user-de?ned component. An argument is passed to the 
?rst user-de?ned component. The argument is evaluated 
When an element node associated With the ?rst user-de?ned 
component comprises an evaluate-component name that 
explicitly speci?es that the argument be evaluated. 

[0032] FIG. 1 depicts an exemplary Work?oW manage 
ment system 18 suitable for use With various embodiments 
of the present invention. The Work?oW management system 
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18 has a series of process steps 20, 22 and 24. Process 
transitions 26 and 28 represent the How of control betWeen 
the process steps 20, 22 and 24. In various embodiments, 
scripts are Written using the XML based scripting language 
to implement the process transitions. In other embodiments, 
scripts are Written using the XML based scripting language 
to implement the process steps. 

[0033] FIG. 2 depicts an illustrative computer system 
Which uses various embodiments of the present invention. 
The computer system 30 comprises a processor 32, display 
34, input interfaces (I/F) 36, communications interface 38, 
memory 40 and output interface(s) 42, all conventionally 
coupled by one or more buses 44. The input interfaces 36 
comprise a keyboard 46 and mouse 48. The output interface 
42 is a printer 50. The communications interface 38 is a 
netWork interface (NI) that alloWs the computer 30 to 
communicate via a netWork, such as the Internet. The 
communications interface 38 may be coupled to a transmis 
sion medium 52 such as, for example, tWisted pair, coaxial 
cable or ?ber optic cable. In another exemplary embodi 
ment, the communications interface 38 provides a Wireless 
interface, that is, the communications interface 38 uses a 
Wireless transmission medium. 

[0034] The memory 40 generally comprises different 
modalities, illustratively semiconductor memory, such as 
random access memory (RAM), and disk drives. In some 
embodiments, the memory 40 stores an operating system 60, 
an application program 62, a scripting language module 64, 
an XML script 66, a parse tree 68, and, in some embodi 
ments, external Java classes 70. 

[0035] The scripting language module 64 is typically an 
interpreter Which interprets the XML script 66. In some 
embodiments, the scripting language module 64 is an inter 
preter that is a functional programming engine With an 
imperative programming personality. For example, impera 
tive programming languages typically provide a basic verb 
object syntax, such as print “Hello World”. 

[0036] As shoWn in FIG. 2, the scripting language module 
64 is embedded in the application 62. In other embodiments, 
the scripting language module 64 is a stand-alone program, 
rather than being embedded in the application 64. In some 
embodiments, the application 62 is a Work?oW management 
system. 

[0037] In various embodiments, the speci?c softWare 
instructions, data structures and data that implement 
embodiments of the present inventive technique are incor 
porated in the scripting language module 64 and, in some 
embodiments, the XML script 66. Generally, an embodiment 
of the present invention is tangibly embodied in a computer 
readable medium, for example, the memory 40 and is 
comprised of instructions Which, When executed by the 
processor 32, cause the computer system 30 to utiliZe the 
embodiment of the present invention. The memory 40 may 
store a portion of the softWare instructions, data structures 
and data for any of the operating system 60, application 62, 
scripting language module 64, XML script 66, parse tree 68, 
and in some embodiments, external Java classes 70 in 
semiconductor memory, While other portions of the softWare 
instructions and data are stored in disk memory. 

[0038] The operating system 60 may be implemented by 
any conventional operating system, such as Z/OS® (Regis 
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tered Trademark of International Business Machines Cor 
poration), AIX® (Registered Trademark of International 
Business Machines Corporation), UNIX® (UNIX is a reg 
istered trademark of the Open Group in the United States 
and other countries), WINDOWS® (Registered Trademark 
of Microsoft Corporation) and LINUX® (Registered trade 
mark of Linus Torvalds), Solaris® (Registered trademark of 
Sun Microsystems Inc.) and HP-UX® (Registered trade 
mark of HeWlett-Packard Development Company, LP). 

[0039] In various embodiments, the present invention may 
be implemented as a method, apparatus, or article of manu 
facture using standard programming and/or engineering 
techniques to produce softWare, ?rmWare, hardWare, or any 
combination thereof. The term “article of manufacture” (or 
alternatively, “computer program product”) as used herein is 
intended to encompass a computer program accessible from 
any computer-readable device, carrier or media. In addition, 
the softWare in Which various embodiments are imple 
mented may be accessible through the transmission medium, 
for example, from a server over the netWork. The article of 
manufacture in Which the code is implemented also encom 
passes transmission media, such as a netWork transmission 
line and Wireless transmission media. Thus the article of 
manufacture may also comprise the medium in Which the 
code is embedded. Those skilled in the art Will recogniZe that 
many modi?cations may be made to this con?guration 
Without departing from the scope of the present invention. 

[0040] The exemplary computer system illustrated in FIG. 
2 is not intended to limit the present invention. Other 
alternative hardWare environments may be used Without 
departing from the scope of the present invention. 

[0041] In some embodiments, the scripting language mod 
ule is implemented using the Java programming language, 
and Will be described With reference to the Java program 
ming language. HoWever, the scripting language is not 
meant to be limited to implementations using the Java 
programming language, and in other embodiments, may be 
implemented using other programming languages. 

[0042] In various embodiments, the scripting language is 
object oriented. A user may create user-de?ned functions, 
classes and methods. 

[0043] An XML document is typically comprised of XML 
nodes. In various embodiments, the scripting language mod 
ule uses three types of XML nodes—element nodes, text 
nodes and comment nodes. 

[0044] Element nodes represent functions, classes and 
methods. In this description, a method that is a function 
Which is closely associated With a class, object class or an 
instance of an object is also referred to as a class method. 
XML element nodes are identi?ed from the less than (<) and 
greater than (>) characters. The text betWeen the less than 
and greater than characters is the name of the element node, 
also referred to as an XML element name or a component 

name. Collectively, the entire group comprising the less than 
and greater than characters, and the text in betWeen, for 
example, <Block>, is referred to as an XML tag. 

[0045] The component name can reference a built-in com 
ponent and a user-de?ned component. Built-in components 
comprise built-in functions and built-in methods. User 
de?ned components comprise user-de?ned functions and 
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user-de?ned methods. In various embodiments, each XML 
element node contains only a component name. 

[0046] The slash character is an XML terminator Which 
indicates the end of an element node. XML tags generally 
appear in pairs of start tags and end tags. In the example, 
<Print> and <Block> are start tags, and </Print> and 
</Block> are end tags. 

[0047] XML text nodes represent scripting language mod 
ule literals. Text nodes are contained in either a “Name” tag 
for the names of user-de?ned items, or a “Value” tag, for 
numeric, character string or Boolean literals. 

[0048] Comment nodes represent scripting language mod 
ule comments. Comments are source code annotations 
Which communicate information to the programmer. Acom 
ment tag is represented as <!-- -->. 

[0049] The nodes in an XML document are typically 
organiZed into a hierarchy, With some nodes being subordi 
nate to other nodes. Any node that appears betWeen the start 
tag and the end tag of another node is a subordinate node. 
The subordinate nodes are referred to as inside, beloW or 
children of other nodes. If an element node does not have 
any subordinate nodes, the start tag and end tag for that 
element node can be simpli?ed into a single element tag, for 
example, <Print/>. A node that is outside, above or the 
parent of a subordinate node is referred to as a superordinate 
node. 

[0050] The folloWing is an exemplary script, Written in the 
scripting language, that prints “Hello World”. 

<Block> 
<Print> 

<Value>Hello World</Value> 
</Print> 

</Block> 

[0051] FIG. 3 depicts a diagram of the nodes in an 
exemplary parse tree for the exemplary script above. “Block, 
”“Print” and “Value” are built-in functions of the scripting 
language, Which Will be described in further detail beloW, 
and are associated With Block, Print and Value nodes, 80, 82 
and 84, respectively, Which are all element nodes. The 
literal, “Hello World,” is associated With a text node 86. This 
exemplary parse tree has no comment nodes. 

[0052] The Print node 82 is a subordinate of the Block 
node 80, the Value node 84 is a subordinate, or child, of the 
Print node 82, and the Hello World node 86 is a subordinate, 
or child, of the Value node 84. The Print node 82 is a 
superordinate, or parent, of the Value node 84, and the Block 
node 80 is a superordinate, or parent, of the Print node 82. 
In FIG. 3, the Block node 80 is the highest level node, that 
is, the Block node has no parents, and is referred to as a root 
node. 

[0053] In the scripting language, an XML element node is 
evaluated as a function call. In various embodiments, an 
element node of the scripting language comprises any one of 
a built-in function, a user-de?ned function, a built-in method 
or a user-de?ned method. Abuilt-in function is provided by 
the scripting language. In some embodiments, the scripting 
language provides a set of built-in functions Which can be 
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used to create user-de?ned functions, user-de?ned classes, 
user-de?ned methods and user-de?ned objects. The scripting 
language also provides built-in functions Which perform 
basic arithmetic, logical and How of control operations. In 
various embodiments, in the scripting language module, the 
built-in functions are implemented as methods, referred to as 
interpreter methods. 

[0054] A user-de?ned function is created Within an XML 
script by invoking a “De?neFunction” built-in function. A 
user-de?ned method is created Within an XML script by 
invoking a “De?neMethod” built-in function. A built-in 
method is external to the scripting language and Will be 
described in further detail beloW. 

[0055] In various embodiments, user-de?ned names for 
variables, functions, classes and methods are de?ned using 
a “Name” built-in function, Which contains a literal value— 
the name of the object. 

[0056] In the scripting language, function calls are repre 
sented in XML as start tag/end tag pairs. Alternately, a 
function may be called using a “Call” tag, that is, a “Call” 
built-in function. A function call is also referred to as an 

invocation or a reference. In various embodiments, argu 
ment lists are speci?ed as subordinate nodes. In other Words, 
the arguments of a function are the nodes betWeen the XML 
start and end tags. For example, in the folloWing XML 
fragment, <Print>Hello World<print>, the argument for the 
“Print” built-in function is a text node associated With 
“Hello World”. The “Print” built-in function automatically 
evaluates its argument. In another example, in the folloWing 
XML fragment, <a><b/><a>, Where “a” and “b” are user 
de?ned functions, function “b” is an argument of function 
“a”. In contrast to the “Print” function, function “b” is 
evaluated When function “a” explicitly invokes an “Evalu 
ateArgument” built-in function for its argument, function 
“b”. If a function call does not comprise any arguments, for 
example, function “b” above, then that function call can be 
speci?ed as a single element tag. 

[0057] In various embodiments, a method, or class 
method, is a function that is associated With an object class 
or an instance of an object class. Method calls are repre 

sented similar to function calls, except that the method and 
the method name may be quali?ed by the name of a variable 
that stores a reference to an object of a class. For example, 
“dialogBox.shoW” is a quali?ed method reference in Which 
“dialogbox” is the name of a variable that stores a reference 

to an object of a class, in this example, a dialog box, and 
“shoW” is a method provided by that class. 

[0058] FIG. 4 depicts a high-level ?oWchart of an 
embodiment of the evaluation of an XML script by the 
scripting language module of FIG. 2. In step 90, the 
scripting language module parses the XML script, using the 
Document Object Model (DOM), to create a parse tree from 
the XML script. Typically, the DOM is a component of the 
standard Java application programming interface (API) for 
XML processing. The scripting language module interprets 
the parse tree directly. In various embodiments, the scripting 
language module interprets the entire XML script before 
executing it. 
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[0059] In step 92, the scripting language module retrieves 
the root XML element node of the parse tree. In step 94, the 
scripting language module evaluates the root XML element. 
The scripting language module starts the evaluation With the 
root element node, and recursively traverses the parse tree to 
evaluate each node. In various embodiments, each element 
node in the parse tree is evaluated as a function. 

[0060] In various embodiments, the scripting language 
supports both user-de?ned objects and external objects. 
Objects comprise functions, classes and methods. User 
de?ned objects are de?ned Within the XML script. External 
objects are external to the scripting language module. In 
some more particular embodiments, the external objects are 
Java objects. In various embodiments, the external Java 
objects can be accessed Without using a Java compiler. In 
other embodiments, user-de?ned objects may implement 
Java interfaces. In various embodiments, the scripting lan 
guage module uses the Java re?ection APIs to provide 
access to external Java objects and methods. The Java 
re?ection API provides programmatic access to the Java 
classes, interfaces and objects that comprise a Java runtime 
environment. In some embodiments, the scripting language 
module uses the Java re?ection API to provide dynamic 
support for Java object creation and method invocation. In 
various embodiments, an external Java method uses the Java 
Native Interface (JNI) to invoke functions implemented 
using other, for example, compiled, languages. 

[0061] In some embodiments, the scripting language mod 
ule is embedded into existing applications. For example, the 
scripting language module may be embedded into existing 
applications that are already using XML as an interchange or 
persistence mechanism. In other embodiments, the scripting 
language is used as an intermediate language due to the ease 
With Which the XML representation can be manipulated 
using GUI builders or XML generators, for example, the 
extensible stylesheet language (XSL). 

[0062] In various embodiments, the scripting language can 
be used to add dynamic programmed behavior to applica 
tions and XML data streams. In some embodiments, the 
scripting language is used to add action, for example, 
behavior as a function of time, or parameters, to the typically 
static, object and attribute oriented nature of XML. In 
various embodiments, the scripting language and XML 
scripts Written in the scripting language are embedded in 
XML data streams to add dynamic behavior to the static 
XML data. For example, in a Web Service, it is often 
advantageous, from a performance standpoint, to batch up or 
combine several requests into a single XML document. 
Without a Way to add dynamic behavior to the document, the 
processing performed by the Web Service is limited. Using 
the dynamic programmed behavior provided by the scripting 
language, it is possible for the XML document to decide hoW 
to control the operation once it is being processed by the 
Web Service, for example, retrieve this document; if it 
contains this data, then retrieve that document. In some 
embodiments, the scripting language module can be embed 
ded into applications to make the applications con?gurable 
by the end user. 

[0063] In various embodiments, XML tags are either func 
tion or method references, or arguments to a function or 
method invocation, respectively. In some embodiments, the 
scripting language module uses dynamic argument, param 
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eter evaluation to provide an extensible block structured 
?oW-of-control model. In other Words, neW ?oW-of-control 
constructs can be added. In various embodiments, the script 
ing language module evaluates arguments When referenced 
in the called function using an “EvaluateArgument” built-in 
function. Evaluating arguments When referenced enables the 
implementation of user-de?ned How of control construc 
tions because an argument, Which itself may be a function 
reference, may be evaluated Zero or more times. Argument 
lists can be nested and can comprise literals and variables, 
as Well as calls to other functions and methods. For example, 
a user-de?ned How of control construction may be a dynami 
cally optimiZed case function in Which the most frequently 
occurring case is tested ?rst. 

[0064] Various embodiments of the scripting language, 
implemented by the scripting language module, Will noW be 
described in further detail. In some embodiments of the 
scripting language, names are speci?ed using the “Name” 
built-in function. The “Name” built-in function is used to 
name user-de?ned variables, functions, classes, and methods 
The “Name” built-in function contains a literal value—the 
name of the object. Typically, the ?rst character of a name 
is alphabetic, and subsequent characters are alphanumeric. 
Values are stored in variables using the “Set” built-in 
function and retrieved using the “Get” built-in function. 

[0065] In some embodiments, the scripting language is 
case sensitive. The names of the built-in functions begin 
With an uppercase character. To avoid unintentional colli 
sions With these names, user-de?ned variables, functions, 
classes and methods typically begin With a loWer case 
character. 

[0066] In general, the scripting language converts inter 
nally betWeen data types. Variables can contain a reference 
to any data type. In various embodiments, the supported data 
types comprise strings, integers, ?oating point numbers, and 
Boolean values. Other data types are passed transparently 
betWeen methods. 

[0067] In various embodiments, the scripting language 
comprises literals, variables, functions, classes and methods. 
Literals are constant values that do not change throughout 
the life of a script. Literals are initialiZed as character strings, 
and are converted to other types as needed by the scripting 
language as folloWs: 

[0068] 

[0069] 

[0070] 

[0071] 

[0072] In some embodiments, literals, such as numbers, or 
character strings are speci?ed using the “Value” built-in 
function, for example: 

[0073] <Value> 12345 </Value>. 

Boolean—Boolean value (true or false) 

Float—32 bit single precision ?oating point 

Integer—32 bit signed integer 

String—Variable length character string 

[0074] Variables are named storage locations. A variable 
can store a reference to a value of any type. A variable is 
de?ned the ?rst time a value is stored in it using the Set 
built-in function. An error occurs if an attempt is made to 
retrieve the value of a variable before it has been de?ned. 
For example, variable X is set equal to one as folloWs: 
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[0075] The scope of a variable determines its visibility, 
that is, Where it can be accessed. In various embodiments, 
the scripting language typically provides three types of 
scope—local, instance and global. 

[0076] Local variables are typically used for short term 
transient storage, for example, buffers and loop variables. 
Local variables are visible Within the function that de?nes 
them. Local variables are initialiZed each time the function 
is invoked and are valid until the function returns. Each 
function typically has its oWn set of local variables that are 
independent of the local variables in other functions, even 
those With the same name. Local is the default scope for the 
scripting language variables. 

[0077] Instance variables are typically used for storing the 
attributes of objects. Instance variables are visible Within the 
class in Which they are de?ned, that is, the class constructor 
and methods. The instance variables are initialiZed once per 
instance of the object, and are valid throughout the life of the 
object. Each object of each class has its oWn set of instance 
variables that are independent of the instance variables in 
other objects, even those With the same name. Instance 
variables are identi?ed by their name and begin With the 
pre?x “instance,” for example, instance.title. 

[0078] Global variables are typically used for storing 
program-Wide information. A single set of global variables 
is visible to all functions and methods Within a script. In 
some embodiments, because global variables are a shared 
resource, and because global variables provide the potential 
for unanticipated access, global variables are used sparingly. 
Global variables are identi?ed by their name and begin With 
the pre?x “global.” In various embodiments, to avoid nam 
ing con?icts, the name is constrained so that the user de?ned 
portion of the name begins With the name of the de?ning 
function or method, for example, global.myFunctionStart 
Time. Avalue is stored in a variable using the “Set” built-in 
function, and retrieved from a variable using the “Get” 
built-in function. For example, the variable, global.evalu 
ationOrder is set equal to Zero using the “Set” built-in 
function, and the value of global.evaluationOrder is 
retrieved using the 

<Set><Name>globaLevaluationOrder</Name><Value>O </Value></Set> 
<Get><Name>global.evaluationOrder</Name></Get>. 

[0079] In various embodiments, a function comprises a 
named collection of calls to other functions. In some 
embodiments, an XML script comprises user-de?ned func 
tions. Because users may Write their oWn functions and 
methods, the scripting language is extensible. In some 
embodiments, user-de?ned functions and methods are 
passed values via an argument list and may return a result as 
a function or method value. 
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[0080] In various embodiments, the scripting language 
provides a “De?neFunction” built-in function to de?ne a 
user-de?ned function. In some embodiments, an item com 
prises a start tag <X> and an end tag </X>, or alternately is 
<X/>, Where X is a function or method. The syntax of 
“De?neFunction” contains tWo items: 

[0081] item1—name of user-de?ned function 

[0082] item2—body of user-de?ned function 

[0083] For example, a user-de?ned function, called func 
tionOne, is de?ned as folloWs: 

<De?neFunction> 
<Name>functionOne</Name> 
<Block> 

[0084] In the eXample above, iteml de?nes the name of 
the function, functionOne by calling the “Name” built-in 
function using the XML tags <Name> and </Name>. Item 2 
de?nes the body of the function using <Block> and 
</Block> tags. 

[0085] Subsequently, in various embodiments, the user 
de?ned function, called functionOne, is called or invoked as 
folloWs: 

<functionOne> 

</functionOne> 

[0086] User-de?ned functions are loaded dynamically 
When called or invoked. When the user-de?ned function is 
called, control is transferred to the body of the user-de?ned 
function speci?ed by item2. The user-de?ned function body 
can access arguments that are passed to the user-de?ned 
function using the “EvaluateArgument” built-in function. A 
user-de?ned function can return a value using a “Return” 
built-in function. 

[0087] Aclass is a template for an object. Aclass supports 
the basic concepts of object oriented programming, includ 
ing inheritance, polymorphism and encapsulation of code 
and data. User-de?ned classes are created using the “De? 
neClass” built-in function. The syntaX of the “De?neClass” 
built-in function contains tWo items: 

[0088] item1—the name of neW class 

[0089] item2—the constructor for neW class 

[0090] The “De?neClass” built-in function de?nes a neW 
class With the name speci?ed by item1. When an instance of 
the class is created using CreateObject, the constructor 
speci?ed by item2, typically a “Block” built-in function, is 
eXecuted. The constructor can invoke the “EvaluateArgu 
ment” built-in function to access items that Were passed to 
it. The constructor can invoke an “EXtendClass” built-in 
function to eXtend an eXisting class. The constructor can 
invoke a “De?neMethod” built-in function to de?ne meth 
ods for the class. The constructor can invoke an “Imple 
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mentInterface” built-in function to implement an eXternal, 
and in some more particular embodiments, a Java interface. 

[0091] For eXample, a class, called classOne, is created as 
folloWs: 

[0092] In various embodiments, user-de?ned classes 
implement Java interfaces using the “ImplementInterface” 
built-in function. The “ImplementInterface” built-in func 
tion contains a single item, that is, the name of the imple 
mented Java interface. For eXample, an interface is imple 
mented as folloWs: 

[0093] 
<InplementInterface>nameOfTheJavaInterface </ 

ImplementInterface>. 
[0094] The “CreateObject” built-in function creates an 
object, Which is an instance of a class. In addition to creating 
instances of user-de?ned classes, the scripting language 
alloWs objects that are instances of Java classes to be 
created. In some embodiments Java class names are fully 
quali?ed using the Java package name, for eXample, java 
.lang.String. In Java, “packages” are used to group collec 
tions of related classes. Each class, therefore, is uniquely 
identi?ed by a fully quali?ed name, Which is the package 
name and the class name. The “CreateObject” built-in 
function contains tWo items: 

[0095] item1—the name of class of object to create 

[0096] item2—the container for argument list for con 
structor 

[0097] The “CreateObject” built-in function creates an 
instance of the class speci?ed by item1, Which may be the 
name of a user de?ned class created using the “De?neClass” 
built-in function or the fully quali?ed name of a Java class. 
The arguments to the class constructor are supplied Within 
the container speci?ed by item2. The “CreateObject” built 
in function returns a reference to the neWly created object. 
Any number of arguments to the class constructor can be 
nested inside iteml. 

[0098] For eXample, an object is created as folloWs: 

<CreateObject> 
java.lang.String 

</CreateObject> 

[0099] In various embodiments, classes are loaded 
dynamically When referenced. In some embodiments, if a 
class reference cannot be resolved to a class that is de?ned 
in the current XML script, the scripting language module 
automatically searches for a ?le containing the class de? 
nition. 
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[0100] The “De?neMethod” built-in function de?nes a 
user-de?ned method, a class method. Auser-de?ned method 
can be de?ned Within the bounds of a class, and is associated 
With the innermost containing class. The “De?neMethod” 
built-in function contains tWo items: 

[0101] item1—name of neW method 

[0102] item2—body of neW method 

[0103] The “De?neMethod” built-in function de?nes a 
neW method With the name speci?ed by item1. Methods are 
similar to functions, except that methods are closely asso 
ciated With a class. A method reference or call from Within 
the class that de?nes it looks like a function reference. To 
reference or invoke a method on an object stored in a 

variable, the variable name, folloWed by a dot folloWed 
by the method name is used. The “De?neMethod” built-in 
function can appear Within a “De?neClass” constructor. The 
eXample above for “De?neClass”, also de?nes a user-de 
?ned method, called methodOne, Within the class, called 
classOne. 

[0104] A built-in method is a class method that is refer 
enced in an XML script that is eXternal to the scripting 
language module and to that XML script. In some embodi 
ments, a built-in method may be from an eXisting Java class 
library. 
[0105] To invoke a user-de?ned or built-in method from 
Within the class that de?nes it, the method name is speci?ed, 
like a function. This is referred to as an unquali?ed user 
de?ned method reference. To invoke a method on another 
object, the name of the variable that contains an instance of 
the object, as Well as the name of the method, separated by 
a dot is used. This is referred to as a quali?ed user-de?ned 
reference. 

[0106] An eXample of creating an interface to an eXternal 
Java library Will noW be described. In this eXample, the 
“De?neClass”, “De?neMethod” and “ImplementInterface 
built-in functions are used. In this eXample, an interface is 
created to an eXternal Java library called the java.aWt.event 
library, and a reference is created to that interface. A Java 
interface is a “contract” betWeen a class that implements a 
set of one or more methods and a class that uses a set of one 

or more methods. In the eXample beloW, a class, called 
class2 is created using the “De?neClass” built-in function 
and implements the Well-knoWn Java “ActionListener” 
interface. The ActionListener interface consists of a single 
method named actionPerformed. The actionPerformed 
method is passed an instance of an ActionEvent object that 
describes the event. The Java graphical user interface frame 
Work invokes the actionPerformed method of the Action 
Listener interface as events occur (eg a button is clicked). 
This eXample illustrates a class that implements the Action 
Listener interface. As events occur, the Java frameWork 
invokes the actionperformed method de?ned by class2. The 
actionPerformed method evaluates and prints the Action 
Event argument passed by the Java frameWork. There is 
some additional logic that registers class2 as interested in 
events, but that logic is outside the scope of this eXample. 
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-continued 

<Block> 
<De?neMethod> 

<Name>actionPerformed</Name> 
<Block> 

<Print> 
<Value>The following event occurred</Value> 

</Print> 
<Print> 

<EvaluateArgument> 
<Value>O</Value> 

</EvaluateArgument> 
</Print> 

</Block> 
</De?neMethod> 
<ImplementInterface> 

<Name>java.aWt.event.ActionListener</Name> 
</ImplementInterface> 

</Block> 
</De?neClass> 

[0107] Identi?ers comprise the names of variables, func 
tions, classes and methods. In various embodiments, refer 
ences to identi?ers are resolved in the folloWing order: 

[0108] 1. Variables (e.g., totalAmount); 

[0109] 2. Unquali?ed User-de?ned methods (e.g., cre 
ate) 

[0110] 3. User-de?ned functions (e.g., initialiZe) 

[0111] 4. Built-in functions (e.g., Print) 

[0112] 5. Quali?ed User-de?ned methods (e.g., myCla 
ss.create) 

[0113] 6. Built-in method of an instance of a Java class 

(e.g., ?le.readLine). 
[0114] In some embodiments, a loWer case alphabetic 
character is used as the ?rst character of an identi?er and 
miXed case alphanumeric characters for any subsequent 
characters to distinguish user-de?ned names from built-in 
names. 

[0115] FIG. 5 depicts a ?oWchart of an embodiment of the 
step of evaluating an XML element node of FIG. 4. In 
various embodiments, an XML element name, or component 
name, of an XML element node comprises a variable and an 
operation, and is speci?ed as folloWs: variable.operation. 
When an element name does not contain a dot, no variable 
is speci?ed, and the XML element name contains an opera 
tion. In step 100, the XML element name of the XML 
element node is split into a variable and an operation. Step 
102 determines Whether a variable name is speci?ed. If no 
variable name is speci?ed, step 104 determines Whether an 
operation is a user-de?ned method (UDM), de?ned by a 
“De?neMethod” built-in function, in this user-de?ned class 
(UDC), de?ned by a “De?neClass” built-in function. The 
scripting language module searches the XML script for a 
UDM name in the current UDC that matches the operation 
in the element name. When step 104 determines that the 
operation is not a UDM in this UDC, in other Words, no 
UDM name in the current UDC matched the operation, step 
106 determines Whether the operation is a user-de?ned 
function (UDF). The scripting language module searches the 
XML script to ?nd a function name de?ned by a “De?ne 
Function” built-in function that matches the operation. 
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When step 106 determines that the operation is not a 
user-de?ned function, in other Words, no matching function 
name de?ned by a “De?neFunction” built-in function Was 
found, the operation is a built-in function, and in step 108, 
the built-in function is evaluated. When step 106 determines 
that the operation is a user-de?ned function, in other Words, 
a matching function name de?ned by a “De?neFunction” 
built-in function Was found, in step 110, the user-de?ned 
function is evaluated. 

[0116] When step 104 determines that the operation is a 
user-de?ned method in this class, that is, the current class, 
the variable name defaults to “this” and also defaults to an 
unquali?ed method reference to the containing user-de?ned 
class. Step 112 determines Whether the variable is an 
instance of a user-de?ned class. In some embodiments, the 
scripting language module uses the Java instance of operator 
to determine if the variable is an instance of DynamicSub 
class, the internal Interpreter class to Which all user-de?ned 
classes belong. When the variable is not an instance of a 
user-de?ned class, the name of the element node is for a 
built-in method (BIM), and in step 114, the built-in method 
is evaluated. The built-in method is evaluated using the class 
of the variable of the element name. In various embodi 
ments, the scripting language module uses the Java re?ec 
tion APIs to provide access to external Java methods. 

[0117] When step 112 determines that the variable is an 
instance of a user-de?ned class, in step 116, the user-de?ned 
function (UDF) is evaluated. When step 102 determines that 
a variable name Was supplied, step 102 proceeds to step 112. 

[0118] FIG. 6 depicts a ?oWchart of an embodiment of 
evaluating a built-in function or a built-in method. In various 
embodiments, the ?oWchart of FIG. 6 implements step 108 
of FIG. 5 to evaluate a built-in function and step 114 of FIG. 
5 to evaluate a built-in method. 

[0119] In some programming languages, such as Java, a 
method is uniquely identi?ed by its method signature, Which 
is the name of the method, and the number and type of 
arguments to the method. In the scripting language module, 
the built-in functions are implemented as interpreter meth 
ods Within the Interpreter class. The name of an interpreter 
method is the same as the name of its associated built-in 
function. For example, the name of the interpreter method 
associated With the “Print” built-in function is also “Print.” 

[0120] For built-in functions, there is no variable, there 
fore, by default the variable name is “this” Which is asso 
ciated With the Interpreter class. Therefore, the XML ele 
ment name for a built-in function comprises the operation 
name for “this” class. For built-in methods, the associated 
class is the class of the instance of the variable of the XML 
element name. 

[0121] An XML element node has an internal signature 
comprising the operation, a number of arguments equal to 
one and an argument type of org.W3c.dom.Node, Which is a 
standard class name in the document object model. 

[0122] In various embodiments, a built-in function has a 
signature comprising its associated interpreter method name, 
a number of arguments equal to one, and a predetermined 
argument type, Which in some embodiments is 
org.W3c.dom.Node. In other embodiments, the built-in func 
tion has a signature comprising its associated interpreter 
method name, a number of arguments equal to one, and a 
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predetermined argument type of a node object other than 
org.W3c.dom.Node. A signature having the predetermined 
argument type is considered to be an internal signature, 
otherWise the signature is considered to be an external 
signature. 
[0123] In step 120, the method names, complete With 
signatures, for the class of the XML element node being 
evaluated are retrieved and, in various embodiments, are 
stored in an array, and in other embodiments, stored in a list. 
In some more particular embodiments, all of the method 
names, complete With signatures, for the class of the XML 
element are retrieved using the Java re?ection API, and 
stored in a method array of instances, Which have attributes 
such as the name of the method, the number of arguments to 
the method and the type of the arguments. 

[0124] Step 122 determines Whether a signature of a 
retrieved method matches an internal signature associated 
With the XML element name. In step 122, the array is 
searched for a method name that matches the operation of 
the XML element name of the XML element node. Some 
programming languages, such as Java, are polymorphic, 
meaning that multiple method names With different argu 
ment lists are alloWed. For those method name(s) that match 
the operation name, step 122 searches for an argument list in 
the array that matches the argument list of the signature of 
the XML element node and that has an argument type 
matching the predetermined argument type. When a method 
name and argument list of the array matches the predeter 
mined argument type and matches the operation and the 
argument list, respectively, of the XML element node, the 
signature of a retrieved method matches the signature of the 
associated XML element node; otherWise, the signatures do 
not match. For example, in some embodiments, for the 
“Print” built-in function, an interpreter method having a 
method name of “Print,” is found, and that interpreter 
method has a single argument of type org.W3c.com.Node. 

[0125] When step 122 determines that a method of the 
array matches the signature associated With the XML ele 
ment node, the retrieved method having the matching sig 
nature is an interpreter method and step 124 invokes that 
method using the internal signature associated With the XML 
element name. In some more particular embodiments, once 
a matching method is found, the argument value(s) speci?ed 
in the corresponding script reference are assembled into a 
Java Object array and the method is invoked using the Java 
re?ection API, for example, using the “invoke” method of 
the standard Java “Method” re?ection API class. In this Way, 
the built-in function is invoked. 

[0126] When step 122 determines that no retrieved method 
matches the internal signature associated With the XML 
element name, step 126 determines Whether a signature of an 
external method matches an external signature associated 
With the XML element name. In this Way, step 126 deter 
mines Whether a built-in method is invoked. The built-in 
method is an external method having an external signature. 
The external signature comprises a name, number of argu 
ments and type of arguments in the argument list of the 
method. In some embodiments, step 126 searches for an 
external signature having an argument list that matches the 
number and type of the argument(s) supplied in the XML 
element node. 

[0127] When step 126 determines that a retrieved method 
matches the external signature associated With the XML 
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element name, in step 128, the arguments to the external 
method are evaluated. In step 130, the external method is 
invoked using the external signature. In this Way, a built-in 
method is invoked. In some more particular embodiments, 
once a matching external method is found, the argument 
value(s) speci?ed in the corresponding XML script refer 
ence are assembled into a Java Object array and the external 
method is invoked using the Java re?ection API, for 
example, using the “invoke” method of the standard Java 
“Method” re?ection API class. 

[0128] When step 126 determines that the signature asso 
ciated With the XML element name does not match an 

external signature, in step 132, the scripting language mod 
ule searches for an XML ?le containing a user-de?ned 
function. In various embodiments, When a function or 
method reference cannot be resolved to a function that is 
de?ned in the current XML script, the scripting language 
module automatically searches for a ?le containing the 
function. In some embodiments, the scripting language 
module appends the suffix “.xml” to the operation and 
searches for a ?le With this name in the directories listed in 
a predetermined path, Which, in some embodiments, is the 
Java class path. For example, for an XML element having an 
operation of “myExternalFunction,” the scripting language 
module searches for a ?le called “myExternalFunction 
.xml.” In some embodiments, the path, and in some more 
particular embodiments, the Java class path, can be speci?ed 
on a command line or in an environment variable. 

[0129] In various embodiments, additional built-in func 
tions are added by deriving a neW class of the Interpreter 
class and de?ning neW interpreter methods. Existing inter 
preter methods can be overridden by derived classes to 
provide further customiZation. In some alternate embodi 
ments, the built-in functions are considered convenience 
functions When their functions can be accessed using stan 
dard Java classes. 

[0130] In various embodiments, an XML script may com 
prise user-de?ned functions and/or methods With arguments. 
Those arguments are evaluated When the “EvaluateArgu 
ment” built-in function is speci?ed in the XML script. The 
“EvaluateArgument” built-in function evaluates an item 
passed as an argument by the caller. The argument number 
in the caller is speci?ed by the item, Which is Zero based. In 
other embodiments, the argument number is not Zero based. 
A “GetArgumentCount” built-in function is used to get the 
number of arguments passed by the caller. An argument is 
evaluated each time that the “EvaluateArgument” built-in 
function is called. This makes it possible to implement 
functions that provide ?oW-of-control capabilities. The 
“EvaluateArgument” built-in function returns the result of 
evaluating the item. The “EvaluateArgument” built-in func 
tion can appear Within a user-de?ned function, method and 
class constructor de?nition. 

[0131] FIG. 7 depicts a block diagram illustrating an 
exemplary stack 140. A stack frame contains a context for a 
function. The context comprises the arguments for the 
function. For example, for the stack frame of FIG. 7, 
function “a” invokes function “b” Which invokes function 
“c”. An exemplary script fragment Which de?nes functions 
“a”, “b” and “c”, and results in the stack frame of FIG. 7 
When function “a” is invoked, is as folloWs. 
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[0132] In the example above, functions “a”, “b” and “c” 
contain no arguments. 

[0133] Stack frame 142 contains the context for function 
a. The context contains information used to evaluate the 
function. In some embodiments, the information comprises 
the local variables for the function, as Well as a reference to 
the calling function. Stack frame 144 contains the context 
for function b. Stack frame 146 contains the context for 
function c. In this example, neither function “a”, “b” or “c” 
invokes the “EvaluateArgument” built-in function. 

[0134] FIG. 8 depicts a ?oWchart of an embodiment of 
evaluating an argument. The ?oWchart of FIG. 8 is invoked 
When an “EvaluateArgument” built-in function is evaluated. 
In step 150, the XML element of the caller, that is the 
previous stack frame, is retrieved. In step 152, a list of the 
XML child element(s), that is, the argument list, of the caller 
is retrieved. In step 154, the stack frame of the caller is 
exposed. The stack has a pointer to the stack frame associ 
ated With the current function. To expose the stack frame 
associated With the current function, the pointer is moved to 
point to the end of the stack frame associated With the 
previous, that is, the caller, function. 

[0135] In step 156, the argument speci?ed in the “Evalu 
ateArgument” function is evaluated. In step 158, the stack 
frame of the caller is unexposed. In other Words, the pointer 
is restored to point to the stack frame associated With the 
current function. A reference to the node currently under 
going evaluation is kept on the call stack. Because executing 
an “EvaluateArgument” function is like evaluating that 
argument Within the context of the caller, When the “Evalu 
ateArgument” function is done, the “EvaluateArgument” 
function has potentially updated the current node reference 
for the stack frame for the function that contained the call to 
EvaluateArgument. In step 160, the stack frame storage 
location (or slot) that holds a reference to the user-de?ned 
function that is undergoing evaluation is refreshed (i.e. 
patched) With the value it had on entry to EvaluateArgu 
ment. 

[0136] FIG. 9 depicts a ?oWchart of an embodiment of the 
step of evaluating a speci?ed argument of FIG. 8. In step 
162, a stack frame is inserted betWeen the caller and the 
current function. In step 164, the speci?ed argument is 
evaluated as a user-de?ned function (UDF) or user-de?ned 
method (UDM). In step 166, the stack frame between the 
caller and called function is removed. 

[0137] The operation of the ?oWchart of FIG. 9 Will noW 
be described by Way of example, With reference to FIG. 10. 
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In the following example, a variable name, called “var”, is 
set equal to 3.14, and a set of functions are nested as 

arguments Within a “Print” function” as folloWs: 

<Set><Name>var</Name><Value>3.14</Value></Set> 
<Print> 

<p><q><r><Get><Name>var</Name></Get></r></q></p> 
</Print> 

[0138] In the example above, function “p” is an argument 
of the “Print” function, function q is an argument of 
function “p”, function “r” is an argument of function “q”, 
and built-in function. The function “Get” is an argument of 
function “r”. In this example, a “Get” function is used as an 

argument to function “r” because the variable reference is 
resolved by “Get” in the context of the caller. Although 
function “r” is nested three levels deep, function evalu 
ates its argument, the variable, “var,” containing 3.14, in the 
context of function “p’s” caller, that is, the “Print” function. 
Function “p” is de?ned as shoWn beloW, and Will subse 
quently invoke “EvaluateArgument” to evaluate its argu 
ment, (function “q” in the above example) and return the 
value of the argument to its caller (the built-in function 
“Print” in the above example): 

<De?neFunction> 
<Name>p </Name> 
<Block> 

<Return> 
<EvaluateArgument> 

<Value>O</Value> 
</EvaluateArgument> 

</Return> 
</Block> 

</De?neFunction> 

[0139] Function q is de?ned as shoWn beloW, and Will 
invoke “EvaluateArgument” to evaluate its argument (func 

“ ” in the above example) and return the value of the tion r 

argument to its caller (function “p” in the above example): 

<De?neFunction> 
<Name>q</Name> 
<Block> 

<Return> 
<EvaluateArgument> 

<Value>O</Value> 
</EvaluateArgument> 

</Return> 
</Block> 

</De?neFunction> 

[0140] Function “r” is de?ned as shoWn beloW, and Will 
invoke “EvaluateArgument” to evaluate its argument (in the 
above example, the Get built in function, Which gets the 
value of a variable) and return the value of the argument to 
its caller (function “q” in the above example): 
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<De?neFunction> 
<Name>r</Name> 
<Block> 

<Return> 
<EvaluateArgument> 

<Value>O</Value> 
</EvaluateArgument> 

</Return> 
</Block> 

</De?neFunction> 

[0141] FIG. 10 depicts the exposure of an exemplary 
stack frame of an exemplary stack 170. The “Print” built-in 
function is associated With stack frame 172. The “Print” 
function, that is, the “caller of p,” calls user-de?ned function 
“p.” This pushes the stack frame 174 for user-de?ned 
function “p” on the top of the stack. User-de?ned function 
“p” then invokes EvaluateArgument Which inserts the stack 
frame 176 for user-de?ned function “q” on the stack (beloW 
the stack frame 174 for user-de?ned function “p”). User 
de?ned function “q” invokes EvaluateArgument Which 
inserts the stack frame 178 for user-de?ned function “r” on 
the stack (beloW the stack frame 176 for user-de?ned 
function “q”). This enables user-de?ned function “r” to 
access variable “var” in the scope of the caller of user 
de?ned function “p”, that is, the adjacent stack frame 172. 
The caller of user-de?ned function “ ” is the built-in “Print” P 
function. 

[0142] In this example, the current function is function 
“r”. Function “r” has invoked the “EvaluateArgument” 
built-in function to evaluate its argument, the “Get” built-in 
function. The stack has a pointer Pr to the stack frame 178 
associated With the current function, “r.” To expose the stack 
frame 172, the pointer is moved to point to the end of the 
stack frame 174 associated With the caller of function “p” 
(“Print”), that is, pointer Pprint. A stack frame 180 that is 
associated With the “EvaluateArgument” function that is 
invoked by function “r” is inserted betWeen stack frames 
172 and 178. The argument speci?ed in the “EvaluateAr 
gument” built-in function, argument Zero, is evaluated. In 
this example, argument Zero is the “Get” function, and the 
value “3.14” is printed. The stack frame 180 is removed. To 
unexpose the stack frame, the pointer is restored to point to 
the stack frame of the current function “r”, that is, PI. As 
each function returns to its caller, its corresponding stack 
frame is removed. 

[0143] This stack insertion technique simpli?es relative 
referencing for the next invocation of the “EvaluateArgu 
ment” built-in function because each nested function that 
contains a call to the “EvaluateArgument” built-in function 
exposes the previous stack frame relative to the current stack 
frame. For example, functions “p,”“q” and “r” each have a 
single argument. For example, in the script fragment 
<p><q><r><Get<Name>var</Name></Get></r></q></p>, 
function “q” is an argument of function “p,” function “r” is 
an argument of function “q,” and “Get” is an argument of 
function “r.” If functions “p,”“q” and “r” each invoke the 
“EvaluateArgument” built-in function to evaluate their 
single argument, When r evaluates its argument, the variable 
“var” is evaluated in the scope of the caller of function “p,” 
even though stack frames for functions “p,”“q” and “r” are 
noW on the stack. The stack frame “exposed” by the “Evalu 
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ateArgument” built-in function is the one that is beneath the 
current stack frame. When there are exposed frames present, 
neW stack frames are not pushed on the top of the stack, but 
on top of the exposed stack frame, in other Words, the neW 
stack frames are inserted below the active stack frame. 

[0144] In various embodiments, the scripting language 
module comprises one or more of the following built-in 
functions. These built-in functions are described beloW after 
their name. 

[0145] Add 

[0146] Add contains tWo items, item1, a ?rst number to be 
added, and item2, a second number to be added, and returns 
the sum of item1 and item2. 

[0147] AddBorder 

[0148] AddBorder contains a single item, item1, the teXt to 
appear in the border. AddBorder adds a border around the 
controls in the dialog boX, excluding the bottom roW of 
buttons. AddBorder can appear Within a dialog boX de?ni 
tion. 

[0149] AddButton 

[0150] AddButton contains four items: 

[0151] item1—roW number of button 

[0152] item2—column number of button 

[0153] item3—teXt to appear on button 

[0154] 
[0155] AddButton adds a button to the dialog boX de?ni 
tion at the roW speci?ed by item1 and the column speci?ed 
by item2. The teXt to display on the button face is speci?ed 
by item3. The action to take When the button is pressed is 
speci?ed by item4, Which is typically a Block that may 
contain references to GetDialogValue and CloseDialogBoX. 
RoWs are numbered from the top roW doWn, starting at Zero. 
Columns are numbered from the left column across, starting 
at Zero. In some embodiments, controls are added to the 
dialog boX in sequence, that is, With no missing roWs or 
columns. AddButton can appear Within a dialog boX de? 
nition. 

item4—item to eXecute When button is pressed 

[0156] AddLabel 

[0157] AddLabel contains three items: 

[0158] item1—roW number of label 

[0159] item2—column number of label 

[0160] item3—teXt to appear on label 

[0161] AddLabel adds a label to the dialog boX de?nition 
at the roW speci?ed by item1 and the column speci?ed by 
item2. The teXt to display on the label is speci?ed by item3. 
RoWs are numbered from the top roW doWn, starting at Zero. 
Columns are numbered from the left column across, starting 
at Zero. In various embodiments, controls are added to the 
dialog boX in sequence, that is, With no missing roWs or 
columns. AddLabel can appear Within a dialog boX de?ni 
tion. 
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[0162] AddTeXtField 

[0163] AddTeXtField contains tWo or three items: 

[0164] item1—roW number of label 

[0165] item2—column number of label 

[0166] item3—optional teXt to appear in ?eld 

[0167] AddTeXtField adds an editable teXt ?eld to the 
dialog boX de?nition at the roW speci?ed by item1 and the 
column speci?ed by item2. The teXt ?eld is initialiZed With 
the value speci?ed by item3, if speci?ed, otherWise the ?eld 
is empty. RoWs are numbered from the top roW doWn, 
starting at Zero. Columns are numbered from the left column 
across, starting at Zero. Controls are added to the dialog boX 
in sequence, that is, With no missing roWs or columns. 
AddTeXtField can appear Within a dialog boX de?nition. 

[0168] And 

[0169] And contains tWo items: 

[0170] item1—?rst condition to be compared 

[0171] item2—second condition to be compared 

[0172] And returns true if item1 and item2 are true, 
otherWise false. 

[0173] BitAnd 

[0174] BitAnd contains tWo items: 

[0175] item1—?rst value to be AND’d 

[0176] item2—second value to be AND’d 

[0177] BitAnd returns the bitWise AND of item1 and 
item2. 

[0178] BitNot 

[0179] BitNot contains a single item: 

[0180] item1—value to be complemented 

[0181] BitNot returns the bitWise NOT (one’s comple 
ment) of item1. 

[0182] BitOr 

[0183] BitOr contains tWo items: 

[0184] item1—?rst value to be OR’d 

[0185] item2—second value to be OR’d 

[0186] BitOr returns the bitWise OR of item1 and item2. 

[0187] Block 

[0188] Block contains any number of items. Block evalu 
ates each item in sequence and returns the value of the last 
item. Block can be used When a single item is speci?ed, yet 
Block can evaluate one or more items. 

[0189] Boolean 

[0190] Boolean contains a single item, item1, a value to be 
converted to Boolean. Boolean evaluates item1 and returns 
the result as a boolean value. The numeric value Zero is 
converted to boolean false. Any other numeric value is 
converted to boolean true. The character string value “true” 
is converted to boolean true. Any other the character string 
value is converted to boolean false. 
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[0191] Call 

[0192] Call contains tWo items: 

[0193] item1—function or method name 

[0194] item2—container for argument list 

[0195] Call invokes a user de?ned function or method 
speci?ed by item1, passing it the arguments contained in 
item2. Call returns the result of the function or method. Call 
exists as an alternative to specifying the function or method 
reference as an XML element node. Its purpose is to enable 
the validation of scripts using a standard XML Schema 
De?nition (XSD) Without using a custom schema de?nition 
that includes the standard XML schema and de?nes addi 
tional user de?ned functions and methods. 

[0196] CloseDialogBox 
[0197] CloseDialogBox contains no items. CloseDialog 
Box closes the current dialog box. The How of control 
continues from OpenDialogBox. CloseDialogBox is typi 
cally invoked from an AddButton action block. The Close 
DialogBox can appear Within a dialog box de?nition. 

[0198] CloseFile 

[0199] CloseFile contains a single item, item1, a handle of 
a ?le to close. CloseFile closes the ?le speci?ed by item1. To 
open a ?le, see OpenInputFile, OpenOutputFile or Open 
UpdateFile. CloseFile returns null. 

[0200] Concatenate 

[0201] Concatenate contains any number of items. Con 
catenate evaluates each item in sequence and returns the 
string concatenation of the results. 

[0202] CreateArray 
[0203] CreateArray contains a single item, item1, a num 
ber of elements in an array. CreateArray creates an array 
With siZe speci?ed by item1. SetElement is used to store a 
value in the array. GetElement is used to retrieve a value 
from the array. GetElementCount is used to get the number 
of elements in the array. 

[0204] Divide 

[0205] Divide contains tWo items: 

[0206] item1—?rst number to be divided 

[0207] item2—second number to be divided 

[0208] Divide returns the quotient of item1 divided by 
item2. 

[0209] Float 

[0210] Float contains a single item, item1, a value to be 
converted to ?oating point. Float evaluates item1 and returns 
the result as a ?oating point number. 

[0211] EqualTo 
[0212] EqualTo contains tWo items: 

[0213] item1—?rst value to be compared 

[0214] item2—second value to be compared 

[0215] EqualTo returns true if item1 is equal to item2, 
false otherWise. 
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[0216] Evaluate 

[0217] Evaluate contains a single item, item1, an XML or 
arithmetic expression to evaluate. Evaluate evaluates item1 
and returns the result. If item1 is an XML document, item1 
is evaluated as a scripting language script, otherWise item1 
is evaluated as an arithmetic expression. In some embodi 

ments, an arithmetic expression uses in?x notation and may 
contain any of the folloWing, in order of increasing prece 
dence: 

Assignment 

Logical Operators 
And && 
or II 

BitWise Operators 
And & 
Or I 

Relational Operators 
LessThan < 

LessThanOrEqualTo < 
GreaterThan > 

GreaterThanOrEqualTo > 
EqualTo == 

NotEqualTo != 
Terms 

Add + 

Subtract — 

Factors 
Multiply * 
Divide / 

Unary Operators 
Negative of — 

Positive of + (no operation) 
BitWise Not ~ 

Logical Not ! 
Parenthesis (and) 
Variables 
Integer or Floating Point Numbers 
Hexadecimal Numbers (With a Ox pre?x) 

[0218] ExtendClass 

[0219] ExtendClass contains a single item, item1, a name 
of a class to extend. ExtendClass derives the current class 

from the class speci?ed by item1 and returns a reference to 
the base class. FolloWing a reference to ExtendClass, 
instance variables and methods in the base class are visible 
to the derived class. ExtendClass can appear Within a 

De?neClass constructor. In some embodiments, item1 is the 
name of a user de?ned class. 

[0220] FindLeft 

[0221] FindLeft contains either tWo or three items: 

[0222] item1—string to search 

[0223] item2—string to ?nd 

[0224] item3—starting offset (optional) 

[0225] FindLeft searches from the left for item2 in item1, 
optionally beginning at the Zero based offset speci?ed by 
item3 (defaults to Zero). If item2 is found, FindLeft returns 
the Zero based offset of item2 in item1, otherWise —1. 
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[0226] FindRight 
[0227] FindRight contains either tWo or three items: 

[0228] item1—string to search 

[0229] item2—string to ?nd 

[0230] item3—starting offset (optional) 

[0231] FindRight searches from the right for item2 in 
item1, optionally beginning at the Zero based offset speci?ed 
by item3 (defaults to Zero). If item2 is found, FindRight 
returns the Zero based offset of item2 in item1, otherWise —1. 

[0232] For 

[0233] For contains four items: 

[0234] item1—initialiZation to perform at start of loop 

[0235] item2—condition to evaluate to execute body of 
loop 

[0236] item3—operation to perform at end of each loop 

[0237] item4—function to evaluate as body of loop 

[0238] For provides support for the familiar for loop. The 
items are evaluated as indicated above. Typically item1 is a 
Set that initialiZes a loop counter, item2 is a conditional, 
such as LessThan, that controls Whether the body is 
eXecuted, item3 is another Set that updates the loop counter, 
and item4 is a Block that constitutes the body of the loop. 
For returns the result of evaluating item4 on the ?nal 
iteration. 

[0239] Format 

[0240] Format contains either one or tWo items: 

[0241] item1—format de?nition 

[0242] item2—value to format (optional) 

[0243] Format processes the format de?nition speci?ed by 
item1, optionally using the value speci?ed by item2, and 
returns a formatted character string. The scripting language 
supports formatting time. A time to format can be speci?ed 
by item2. If item2 is not supplied, it defaults to the current 
time. The folloWing characters may appear in the format 
de?nition for time: 

[0244] HH—hour 

[0245] mm—minute 

[0246] ss—second 

[0247] MM—month 

[0248] DD—day 

[0249] W or yyyy—year 

[0250] Get 

[0251] Get contains a single item, item1, a variable name. 
Get returns the value of the variable speci?ed by item1. If 
the variable name begins With instance, it is an instance 
variable for a class. If the variable name begins With global, 
it is a system-Wide global variable, otherWise it is a local 
variable. Values are stored in variables using the Set built-in 
function. 
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[0252] GetArgumentCount 

[0253] GetArgumentCount contains no items. GetArgu 
mentCount returns the number of items that Were passed as 
arguments to the current function, method or class construc 
tor. GetArgumentCount can appear Within a function, 
method or class constructor de?nition. 

[0254] GetAttributeCount 

[0255] GetAttributeCount contains no items. GetAt 
tributeCount returns the number of XML attributes that Were 
speci?ed in the XML element tag that resulted in the call to 
the function that is currently active. GetAttributeCount can 
appear Within a function de?nition. 

[0256] GetAttributeName 

[0257] GetAttributeName contains a single item, item1, an 
argument number of an attribute (Zero based). In other 
embodiments, the argument number is not Zero based. 
GetAttributeName returns the name of the attribute at the 
position speci?ed by item1 in the XML element tag that 
resulted in the reference to the function that is currently 
active. GetAttributeName can appear Within a function 
de?nition. 

[0258] GetAttributeValue 

[0259] GetAttributeValue contains a single item, item1, an 
argument number of an attribute (Zero based). In other 
embodiments, the argument number is not Zero based. 
GetAttributeValue returns the value of the attribute at the 
position speci?ed by item1 in the XML element tag that 
resulted in the reference to the function that is currently 
active. GetAttributeValue can appear Within a function de? 
nition. 

[0260] GetDialogValue 

[0261] GetDialogValue contains tWo items: 

[0262] item1—roW number of value to get 

[0263] item2—column number of value to get 

[0264] GetDialogValue retrieves the value of the control at 
the roW speci?ed by item1 and the column speci?ed by 
item2 in a dialog boX. GetDialogValue is typically used 
Within an AddButton action to retrieve the value of an edit 
?eld. RoWs are numbered from the top roW doWn, starting at 
Zero. Columns are numbered from the left column across, 
starting at Zero. In some embodiments, controls are be added 
to the dialog boX in sequence, i.e. With no missing roWs or 
columns. GetDialogValue can appear Within a dialog boX 
de?nition. 

[0265] GetElement 

[0266] GetElement contains tWo items: 

[0267] item1—variable containing array 

[0268] item2—element number to retrieve 

[0269] GetElement retrieves the value at the indeX speci 
?ed by item2 from the array speci?ed by item1. CreateArray 
is used to create an array. SetElement is used to store a value 
in an array. GetElementCount is used to get the number of 
elements in the array. 
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[0270] GetElementCount 

[0271] GetElementCount contains a single item, item1, a 
variable containing a reference to an array. GetElement 
Count returns the number of items in the array speci?ed by 
item1. CreateArray is used to create an array. SetElement is 
used to store a value in an array. GetElement is used to 
retrieve a value from the array. 

[0272] GreaterThan 

[0273] GreaterThan contains tWo items: 

[0274] item1—?rst value to be compared 

[0275] item2—second value to be compared 

[0276] GreaterThan returns true if item1 is greater than 
item2, otherWise false. 

[0277] GreaterThanOrEqualTo 
[0278] GreaterThanOrEqualTo contains tWo items: 

[0279] item1—?rst value to be compared 

[0280] item2—second value to be compared 

[0281] GreaterThanOrEqualTo returns true if item1 is 
greater than or equal to item2. 

[0282] If 

[0283] 

[0284] 

If contains either tWo or three items: 

item1—condition to check 

[0285] item2—item to evaluate if condition is true 

[0286] item3—item to evaluate if condition is false 
(optional) 

[0287] If provides support for the familiar if loop. The 
items are evaluated as indicated above. If the condition 
speci?ed by item1 evaluates to true, If returns the result of 
evaluating item2, otherWise If returns the result of evaluat 
ing item3. 

[0288] 
[0289] ImplementInterface contains a single item, item1, a 
name of the implemented Java interface. ImplementInter 
face implements a Java interface. ImplementInteface returns 
a reference to the interface that can be used in subsequent 
references to Java objects that require a reference to an 
interface. ImplementInterface can appear Within a De? 
neClass constructor. The current class contains a 
De?neMethod for each method in the interface that is 
implemented. 

ImplementInterface 

[0290] Input 
[0291] Input contains no items; Input reads a line of input 
from the console and returns it. 

[0292] InstanceOf 

[0293] InstanceOf contains tWo items: 

[0294] item1—reference to a variable 

[0295] item2—name of a class to check 

[0296] InstanceOf returns true When the variable speci?ed 
by item1 is an instance of (i.e. its class is derived from) the 
class speci?ed by item 2, otherWise Instance of returns false. 
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[0297] 
[0298] Integer contains a single item, item1, a value to be 
converted to an integer. Integer evaluates item1 and returns 
the result as an integer. 

[0299] Length 
[0300] Length contains a single item, item1, a string to be 
siZed. Length returns the number of characters in the string 
speci?ed by item1. 

[0301] LessThan 

[0302] LessThan contains tWo items: 

Integer 

[0303] item1—?rst value to be compared 

[0304] item2—second value to be compared 

[0305] LessThan returns true if item1 is less than item2, 
otherWise false. 

[0306] LessThanOrEqualTo 
[0307] LessThanOrEqualTo contains tWo items: 

[0308] item1—?rst value to be compared 

[0309] item2—second value to be compared 

[0310] LessThanOrEqualTo returns true if item1 is less 
than or equal to item2. 

[0311] Loop 
[0312] Loop contains a single item, item1, an item to 
evaluate. Loop repeatedly evaluates item1, Which is typi 
cally a Block. To prevent an in?nite loop, a block includes 
a Return. 

[0313] Matches 

[0314] Matches contains tWo items: 

[0315] item1—string to test 

[0316] item2—regular eXpression 

[0317] Matches returns true if the string speci?ed by item1 
matches the pattern speci?ed by item2. 

[0318] Modulo 

[0319] Modulo contains tWo items: 

[0320] item1—?rst number to be divided 

[0321] item2—second number to be divided 

[0322] Modulo returns the remainder folloWing integer 
division of item1 by item2. 

[0323] Multiply 
[0324] Multiply contains tWo items: 

[0325] item1—?rst number to be multiplied 

[0326] item2—second number to be multiplied 

[0327] Multiply returns the product of item1 multiplied by 
item2. 

[0328] Name 

[0329] Name contains a single item, item1, a name of an 
object. Name provides a mechanism for supplying user 
de?ned names for variables, functions, classes, methods, etc. 
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Name returns the value speci?ed by item1. Name and Value 
are functionally identical, but are used in different contexts. 

[0330] Nop 
[0331] Nop contains any number of items and is a “no 
operation”. In some embodiments, Nop makes a useful place 
holder. Nop returns null. 

[0332] Not 

[0333] Not contains a single item, item1, a condition to be 
negated. Not returns true if item1 is false, otherWise false. 

[0334] NotEqualTo 
[0335] NotEqualTo contains tWo items: 

[0336] item1—?rst value to be compared 

[0337] item2—second value to be compared 

[0338] NotEqualTo returns true if item1 is not equal to 
item2. 

[0339] Null 

[0340] Null contains no items. Null returns a special null 
reference that can be distinguished from a reference to any 
other value. Null can be used to initialiZe a variable to null 
or to see if a variable contains a reference to a value. 

[0341] OpenDialogBoX 
[0342] OpenDialogBoX contains tWo items: 

[0343] item1—dialog boX title 

[0344] item2—body of neW dialog boX 

[0345] OpenDialogBoX de?nes and opens a dialog boX. 
The title is speci?ed by item1. The controls (labels, edit 
?elds, buttons, etc.) are speci?ed by item2, Which is typi 
cally a Block containing AddBorder, AddButton, AddLabel 
and AddTeXtField. A call to CloseDialogBoX appears some 
Where Within the body, typically Within an AddButton 
action. OpenDialogBoX returns after CloseDialogBoX is 
called. 

[0346] OpenInputFile 
[0347] OpenInputFile contains a single item, item1, a 
name of a ?le to open. OpenInputFile opens a ?le for reading 
and returns a handle to the ?le that can be used in subsequent 
calls to Read and CloseFile. 

[0348] OpenOutputFile 
[0349] OpenOutputFile contains a single item, item1, a 
name of a ?le to open. OpenOutputFile opens a ?le for 
Writing and returns a handle to the ?le that can be used in 
subsequent calls to Write and CloseFile. 

[0350] OpenUpdateFile 
[0351] OpenUpdateFile contains a single item, item1, a 
name of ?le to open. OpenUpdateFile opens a ?le for 
reading and Writing and returns a handle to the ?le that can 
be used in subsequent calls to Read, Write, Seek, Tell, 
Truncate and CloseFile. 

[0352] Or 

[0353] Or contains tWo items: 

[0354] item1—?rst condition to be compared 

[0355] item2—second condition to be compared 

Jan. 5, 2006 

[0356] Or returns true if either item1 or item2 is true, 
otherWise false. 

[0357] Print 

[0358] Print contains a single item, item1, a value to be 
printed. Print prints the value speci?ed by item1 to the 
console. To print multiple items on the same line, Print is 
used With Concatenate. Print returns item1. 

[0359] Read 

[0360] Read contains one or tWo items: 

[0361] item1—handle of ?le to read 

[0362] item2—optional number of bytes to read 

[0363] Read reads from the current position in the ?le 
speci?ed by item1 and returns the resulting value. The ?le is 
opened using OpenInputFile or OpenUpdateFile prior to the 
read. If item2 is speci?ed, Read reads the number of bytes 
speci?ed. If item2 is not speci?ed, then Read reads up to the 
neXt end of line indicator. If Read detects end of ?le While 
reading, it returns the amount that it has read so far. If Read 
is called again at end of ?le, it returns a value of length Zero. 

[0364] ReplaceAll 
[0365] ReplaceAll contains three items: 

[0366] item1—string to search 

[0367] item2—regular eXpression 

[0368] item3—string to replace 

[0369] ReplaceAll returns a neW string Where all of the 
occurrences of the teXt that matches item2 in item1 have 
been replaced by item3. 

[0370] ReplaceFirst 
[0371] ReplaceFirst contains three items: 

[0372] item1—string to search 

[0373] item2—regular eXpression 
[0374] item3—string to replace 

[0375] ReplaceFirst returns a neW string Where the ?rst 
occurrence of the teXt that matches item2 in item1 has been 
replaced by item3. 

[0376] Return 

[0377] Return contains at most one item, item1, a value to 
return, Which is optional. Return causes the current function 
or method to return to its caller. If item1 is speci?ed, it 
returns it as the function’s return value. OtherWise it returns 
null. 

[0378] Seek 

[0379] Seek contains either one or tWo items: 

[0380] item1—handle of ?le to set current position 

[0381] item2—optional ?le offset or position 

[0382] Seek sets the current position of the ?le speci?ed 
by item1. To use Seek, the ?le is opened using OpenUp 
dateFile. If item2 is speci?ed, it is used as the neW position. 
OtherWise, the ?le is positioned at end of ?le. Subsequent 
Read and Write operations take place from the current 
position. Seek returns null. 








